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SUMMARY

It is pointed out that the various instabilities (including, in the
first place, the beam instability), taking place in the interstellar and in-
tergalactic plasma, exert a substantial influence upon the distribution func-
tion of cosmic rays by directions and energies, and also on their spatial
distribution and diffusion.

As a result of the above, the accounting of plasma events acquires
a fundamental value in the astrophysics of cosmic rays and in the theory of
their origin. In particular, the presence of instabilities must apparently
lead to a rapid and practically total isotropization of cosmic rays in galaxies
as well as in the intergalactic space. In the transitional region between
strong and weak field, the outflowing cosmic rays with a strong field (either
from galaxy or supernova shell) will lead to the development of turbulence,
and by the same token to "self-locking". Discussed are also several other
related questions,

[ ]
* *

In the course of the last years it has become already generally
recogniged that cosmic rays play a substantial dynamic and energetic role in
galaxies, and more particularly in radiogalaxies. For example, in our Galaxy,
which is a normal galaxy, the energy density of cosmic rays is w'G-vlo-lzerg/c;l3
and the magnetic field intensity is H~3 <« 10 . 10'6 oe, so that
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the inner energy density of a gas with concentration n ~ 1 and temperature

T ~ 104°K is €~n T and, therefore, in most of the Galaxy regions € < Vg
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Values wg_ of energy density of cosmic rays, still by several orders
greater, are encountered in radiogalaxies. lMoreover, there exist specific
data on the spectrum =nd spatial distribution of cosmic rays in galaxies

(for details see [1] and the references indicated there).

In case of metagalactic space the situation is already different:
here even such basic guestion as mean energy density of cosmic rays, 'hg’
is the object of discussion. Thus, in our opinion [1, 2] ( and the same

conclusion is also found in other works)

Ve << Wg ~ 1012 erg/cm’ (1)
and, for example, Wpy < 10715 erg cm™>,

To the contrary, Burbidge and Hoyle are inclined to believe in
their work [3], and still more specifically in preceding papers, that
Vg ~ 10-12, We shall not, however, pause here at concrete objections [4]
vrovoked by the estimates of [3], inasmuch as there is little more that we
could add to the already presented ideas in favor of validity of the inequa-
lity (1) [1, 2]J. If this irequality is fulfilled and, at the same time, the
metagalactic cosmic rays are to a sufficient measure isotropic, they can not
significantly contribute to g [1, 2], that is, the main part of cosmic rays
in the Galaxy must also form in it. In this connection it is important to
ascertain the acceptable degree of anisotropy of cosmic rays in the Meta-
galaxy; incidentally, the question of isotropy (its nature and the possible
degree of anisotropy) is quite important and not sufficiently clear at all
even when applied to the Galaxy.

The opinion was voiced in [1, 2] (in particular with respect to the
work by Seciama (5]), that no somewhat substantial anisotropy of cosmic rays
may exist in the metagalactic space, inasmuch as the magnetic field (in any
case 50 long as Vg )-}g;) is incapable of compensating the anisotropic
pressure of cosmie rays. However, such a conclusion has not been strenghte-
ned by concrete estimates, while Pikel'ner [6] recently proposed a model of
a regulated metagalactie field in which the assumption of cosmic ray flux's

anisotropy appears to be quite admissible at first sight *.

§ [see infrapaginal comments in the following pagel]
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Therefore, the question of anisotropy of cosmic rays was found
to be quite essential. Aside from the enumerated problems of cosmic ray
astrophysics, there is still the problem of transitional region from ga-
lactic to metagalactic space that should be referred to them, It should, in
particular, be ascertained what the cosmic ray flux is in that region, and,
generally speaking, in whet fashion do these cosmic rays emerge from gala-
xies, what is the form of the spectrum of galactic cosmic rays in the region
of low energies [1, 7] anc, finally what is the role of cosmic rays from the
standpoint of processes taking place in the metagalactic gas (there is namely
guestion of heating of that gas).

Thus, the great achievements reached in the region of astrophysics
of cosmic rays in the course of the last decade cannot in any way shield
the prezence of actual and, at the same time, nebulous moments of time,

The understanding and the further investigation of the enumerated
insufficiently clear problems of astrophysics of cosmic rays is, in our
opinion, closely linked wi*h the accounting of plasma effects in cosmic
space., Evidently, this assertion is sufficiently obvious in its general
form; it is included in [1] and , probably also in a series of other sour-
ces, (We shall point out, in particular, the existence of analysis of a se-
ries of plasma effects in cosnmic conditiohs, conducted by Tsytovich [8]).
However, we refer here to entirely concrete remarks linked with the account
of beam and other instabilities in a rarefied plasma (these questions were
more than once discussed and still are in their general form, as well as
in connection with the problem of thermonuclear synthesis, the theory of
sporadic solar radio emission, the collapse of a magnetic star and so forth

[9— 14] =*=,

®* [from the preceding page]. - In such a model, just as in [?), cosmic rays,
isotropic in the rezion with the field H_ (galaxy) enter the metagalactic
space with a field Hm <& H_, with the preservation of the adiabatic invariant
s5in2 6 /H That is why%.n tl?e Metagalaxy cosmic rays are strongly anisotropic
(8pax =V Hpg / and Wp,/wWeas H /2H, ). Here the Lewill theorem, ac-
cording to which the intensitgy 1g of cdsmic %'ays in a constant magnetic field
is icentical along particle trajectory, is taken into account. At H_~ 3-10'6,
B . ~3 .10~9 and w ~10"12, hence ©p,y ~1° and w ~ 1015 erg cm~>,
Tﬂas, the inequalitygil) is observed, but practicallyngil the cosmic rays in
the Galaxy might have a metagalactic origin,

** The basis of the present paper is the report contributed by the author

to the International Symposium on the problemof multirle bodies (illegible).



To be specific, let us consider the following possibility :
the magnetic field egresses from galaxy into the metagalactic space
in a smooth fashion (expansion of the tube of force) and in the ab-

sence of any sort of field irregularities, wave fronts and so forth,

Under similar conditions the isotropic or quasi-isotroplc cosmic rays

will mbve with the preservation of the adiabatic invariant
sin° @ / B = const,

and, as already pointed out above, they will form in the Metagalaxy
a beam moviny practically along the field. But such a case is a clas-
sical example of what hapvens when beam instability develops. At the
same time it is material that the plasma frequency of the "mother"
(metagalactic) plasma and of the beam itself are very high when com-
pared with 1/ 't'g, where ‘C'g is the characteristic time of galaxy evo-
lution or even the time of radiogalaxy explosion. In reality, making
use of the well known expressions (see, for example, [15]) and without
additional explanations, let us bring forth certain figures for the
metagalactic plasma with electron concentration n ~ 10"5 .

In this case the plasma frequency is

/1o
W, = Zaen _ 5oy 10" /T ~ 102,

m

and the Debye radius

-— Lo ~r -g—N . 5
%—\/m = 5\/: 5 - 107 em

(at temperature T ~ 10° °K). _
Under the same conditions the number of collision of electrons

with ions is

1 -
v = -5-322- ln (220Tn /3) ~ 1071 gec™t,
/2

oo/oo




In the field H_ < 10-7 the gyrofrequency is &g = -;%-zl 76 - 107 B <10

and therefore, w2>>wH2 It is already clear from these figures that weakly-
damping plasma waves (kf)— 9 < 1) can already propagate in the meta-
galactic space. TFurther, at spectrum invariability, the value Ng,~ 10 =13
responding to density Wil ™ 10 =15 erg/cm s even for a flux of cosmic rays
with concentration N ~ 10713 en™> the plasma frequency of the beam is

2.2
ll-.ec .101, nl:{n~5_10.4

(here the total energy is E —~Mc NlO9 ev, which responds to protons con-
tributing principally to wiy). The exceptional smallness of the ratio

Ts _ ar 101"
T g W t’g T g

is evident. 1t is naturally more material that the ratio —1-%- is also small,
where Y is the increment of plasma oscillations, setting in® by the strength
of beam instability. For the case under discussion the value of Y has re- '
cently been estimated by us in the paper [16], and precisely for the indi-
cated parameter wvalues and in the assumption that the scattering of velo-
cities in the beam is ’\7 ~ ¢. At the same time 1/y p.y ~ 30 years. The
point is that Ym s/w: s and at the same time the greatest increment
responds to waves for which ke ~w, (for the shortest, weakly-damping waves

ke ~w, or k%-v 1. which leads to the value
2 2

wg ."’T ~ 10-H 1 ,
Ymin’\'.u—o- o2 10°Y pax (/\fmin'v3-105years)-

when taking into account the magnetic field, the beam will also generate
other-type waves, which at the first stage at least may only increase the
accretion rate of perturbations in the plasma (incidentally, the beam insta-
bility does not amount to generation of longitudinal waves either [22] evpgnss
in the absence of a magnetic field). Further, at galaxy, and particularly
radiogalaxy boundary, one may expect concentrations by several order greater
than the utilized metagalactic value Ng, ~ 10713,

However rough the indicated estimates may be, the "reserve" appears
to be so great that we reach the conclusion of the impossibility of existence
of somewhat prolonged time of strongly anisotropic distribution of cosmiec

rays. [* see infrapaginal note next pagel.



The beam instacility leads first of all to wave intensity increase
and then to plasma "turbulization" zmd to the isotropization of the beam
iteelf (in this regard the anisotropic instability, discussed below. and
also other instability mechaniems a2re escential). The emitted and subsecuently
shsorted weves e2e a recult of coliisions ( and in a well known sense of non-
linear processes also) lezd to heatingz of the metagalactic medium. This im-
portant cuestion (particularly from the cosmological point of view) is exa-

mined in detail in [1€], so that we shall not dwell upon it here any longer.

How far will the isotropization of cosmic rays go as a result of
beam instability ? Had the distribution function (spectrum) of cosmic rays
been invariable, one mizht have anticipated a drop of a certain effective
concentration of particles with anisotropic distribution, NKA. a( degree

L]

of cosmic ray anisotropy SNNI{A, a/NKg ). to values, when l/Y'Vfg' Inas-

much as Y o\ NKA a0 €ven at T ~ 10° years, we obtain thereform a very

small value NKA,;‘N'lc-l?' Anotﬁer effect is evidently more essential —

the variation of the very distribution of particles in the beam with "pslateau”
formation (as ie well known, in the one~dimensional case, the beam is un-
stable only ir the precence in its spectrum by velocities of a certain maxi-
mum at V£ 0 ), As a result of this, &0 long as their flux is anisotropic®,
the maxirwum in the spectrum of cosmic rays will shift furtker and further
into the region of lov enercies, But in this region the ionization losses
rire charply and therefore a cause is aveileble for maximum preservation.
Thus, the beam instzbility must lead to effective isotropization of cosmic
reye ** and the siift of the maximum in their spectrum toward the region of
lov energies. This is precicsely what is observed, that is, the anisotropy of
cosmic rays is generally not relaibly established and it does not, in any

case, exceed fractions of a percent (see [11).

* [from the preceding pagel.- We shall not touch here upon the subject of
coenic rays of solar origin, inasmuch as in that case fast processes are es-
cential. But the accounting of observations, made in this paper, is obviously
necessary even at analyvsis of the problem of solar cocemic rays.

* For isotronic distribution of particles by directions the presence of maxi-
rum in the spectrur does not lead to instasbility [171.

** As communicated to the present author, tre rame conclusion wae reached
by V. N, Tsytovich [see infrapazinazl note end pege for further long-hand
remarks mede by tl. prerent suthor at correctionl




Ae to the maximum of coermic ray epectrum observed near the Farth,.

it may be fully explzined by the action of the Sun and of the solar
system [1, 7). In the lizht of the above-said, it would be neccesary to
explain the presence of anisotropy and maximum, had they been revealed,
rather than the presence of isotropy and the absence of a mexirum in
the spectrum of galactic cosmic rays.

The beam instability of the flux of cosmic rays, leaving the
galaxy, must cuickly distort the regular pattern of field's tubes of
force expansion, wiich we took a8 a basis. lMoreover, under conditions
of such expanding tube of force there must arise an aperiodical aniso-
trovic instability leadins to distortion, and, ss 2 matter of fact, of
turbulzaetion of tre macnetic field [10,18]. The criterion of such an

instability has the form

ge
A T2 EA L B
—, —
vhere 'KAH= HOka Yo . Wy _Ls-MNKA Vi, V, and ¥} being res-
’ 2 *

pectively the velocity components of cosmic rays, parallel and perpendi-
cular to the field (we moke use of a nonrelativistic expression, which
cen hardly lead to a notable error, inasmuch as for the main part of
cosmic rays E — Mc2 < ¥Mc ). £5 has been shown, at particle passage

from Galaxy to heta*a.axy Ay = wmg > WKI\,J- , and, at the same time,

ngHG ;;>

w o~ Pmg o
ng — 2| (R

G

Therefore, the criterion (2) w111 be fulfilled with a large "reserge"
(for example, at ngN 2 . 10°% we have w__ ~ 3 +10-15 and -—EEN

ng
~ 3 -10'17).The accretion increment of the discussed field perturba-

e
"J\// 4 « ~CK,
MNga

ineemuch as 'ﬁg’~’M62NKA' Further, the perturbstion wavelength may

tione is

. in€ .
*with invariant Z3B2° preservation.




exceed the pgyroradius of cosmic rays

2 6
Ty ~ Me? . 3:10° _10ttem (ot Hoyp~ 3 .10-8).

Consecuently,

Ya £ 2xe . 107 and l/Y ~ 107 sec (1)
a, max

It ir therefore clear that if the beam of coemic rays resched the meta-
gelzctic rerion (resion where H'~'ngt~13 '10'8) without isotrovization
and vitrout destruction of t'e regulated field structure, both these pro-
cecres woulc taite plzce very repidly. But this means that the transitional
regionzl must be forming fsctually; if in the galaxy tie field was regular
it will become turbulent ir this region, while the coemic rsy flux will be
isotrepizing. By the same toxen, if a n§€7§3rtion of cosmic rays forms in
any galaxy (sa;, as a result of exrlosion of the galactic nucleus), these
cosric rays will be rapidly "self-ioslating'" - surrounding the recion occu-
vied by then by a turbulent layver, hindering the rapid outflow of cosmic
raye in the surrounaing space with a weak field. It is precisely for that
reason, ant from the discussed voint of view that radio emitting clouds

are observed in radiogzlexies, ratier then a simple spreading of cosmic
ravs alon~ the field lines. Quite evidently, the "clouds" referred to
etove, a2:d containing cosmic ravs, may evpsnd ané move as a whole, fact
vzich ie observed. Moreover, some diffucsive outflow of cosric rays is also
vorrible in the prerence of a2 turhulent btoundsry layer limiting the syrctem
(the Gelaxy, the "clouds" in radiogalaxies &nd shells in supernovae).
Unfortunatelv, without detsiling the picture and the accounting of all es-
cential instahilities, of nonlinear interaction of waves znd so forth, no

reliahle estimate of the diffusiorn coefficient @D, is possible (see [11]).

KA
e mav, apnerently, consider the value
6
crg Mc> 3 .10%
2 KA, min =~ ~ thd
3 Z2eH H
as the minirmum value of L KA (having in mind particles with energy E~Mc2),

e 22 2 =1 -6y
h hus ; . ~ .
The thus obtained value %M g™~ 10 cm . sec (at Hy~ 3 « 10 ) is

sirnificantly smaller than the coefficient D KA~1028' 1029 used in [1].




Lowever, here there is still no contraciction, inasmuch as in the turbu-
lent region is smaller than in the Galexy as a whole, while the coeffi-

cient ’%KA can £till ve substantially greater then @D At any rate,

the appresarenc of the turbulent layer in the transition:g\;zzgon from a
strong to a weak field conctitutes uncuestionably a favorable moment of
time to explain the retention of cosmic rays in the shells of supernovae,
in the Galaxy and in redio-emitting regions (clouds) of radiogalaxies.

Trom the atove-~-erypounded it follows also that coemic rays entering
the intergaiesctic space from galexies must rezpidly isotropize, and be prac-
ticelly ieotropic ir thet very same space., By the same token, at observa~
tion of tlhe inecuelity (1), the cosmic rave observed in the Galaxy must
2lso be formin~ in it (here we are not concerned with particles of very
hi~h e.ergy, which do not practically contribute at all to ‘é) . As follows

from X-ray dezta, tie tempersture of the metagalactic gas is

ng <34+ 5. 1c® ek (see [19, 201.

At the sazme time, if cosmiec rays arrived from galaxies in such an amount,
=12 e attazined, one ought to expect a heat-

that the value w -~ w_ -~ 1C
ng 9
OK. By the same

G
ing of metagalactic gas to a temperature T~ wG/ xn~ 10
tokxen we disvpose of stil) znother arcument (besides those brought out in

(1, 2, 211 in favor of vsliditv of the inequality (1).

Summine up rve may briefly ascert that the accounting of plasma
eficcts ( 2né the ruestion ir here first of all about the instebility of
t-e arisotropic distribution of cosmic reys) is of bzsic importance for
cosmic ray astrovhysice (and in psrticular for the theory of their origin).
It is true t 2t the arcuments brought out are in a series of cases insuf-
ficiently develoved and one is rather led to speak in terms of a progranm
of investigation and guessings than about proof. One should remember,
however, that numerous essential parameters (for example, the intensity
of the metagalactic magnetic field) are entirely unknown, and, therefore,
even more precise calculations would have been as ecqually insufficiently
convincing. However, such calculations are obviously indispensable and

a series oi poseibilities are here availsble, Thus, as it appears to us, .




1cC,

a detailed zzd multileteral accounting of plasma eventes will emerge as

2 new stege in the development of cosmic ray astrophysics.

rxen THE END waxsx

ADDENDUM

Port~correction remsrk by the Author [refer to infrapaginzl not of page 6l

At the =seme time, according to calculstions by V. N, Tsytovich,
the isotropization of a relstivistic beam in an isotropic plasma may be
found to be of little effectiveness when accounting the linear wave inter-
action. (See also [24]1). On the other hand, the rate of isotropization
nay considerebly increare if the waves, excited in the plasma, are not

created by the considered beam, but by some other sources.
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